Introduction
Bibliometric statistics are used by institutions of higher education to evaluate the research quality and productivity of their faculty. With careers, funding, and individual, journal and institutional reputations at stake, the establishment of fair bibliometric indicators and standards has become vital. In light of this atmosphere, self-citations in all their forms, has created controversy among scholars. At the author level, categories of self-citations [BALDI, 1998; WHITE, 2001] and their statistical characteristics [FALAGAS & KAVVADIA, 2006] have been examined in the scientific literature. Several researchers studied the influence of author self-citations -specifically, ramifications on the professional reputations of scholars [FOWLER & AKSNES, 2007; HYLAND, 2003; LAWANI, 1982] ; bibliometric measures such as journal impact factors [SEGLEN, 1997] , Hirsch's h-index [KELLY & JENNIONS, 2006; SCHREIBER, 2007A; 2007C] and Egghe's g-index [SCHREIBER, 2007B] ; field mobility metrics [AUSLOOS & AL., 2007; ; and scholarly communication trends [GLÄNZEL & AL., 2006] . Interpretations of the exact effect on scholarship and bibliometrics differed among researchers. Some scholars construed author self-citations as potentially detrimental to accurate bibliometric analysis [GAMI & AL., 2004; MACROBERTS & MACROBERTS, 1989; PERSSON & BECKMANN, 1995 ; VAN RAAN, 1998 ]. Pointedly, Schreiber wrote that self-citations significantly alter authors' h-indices [KELLY & JENNIONS, 2006;  ; Published online April 16, 2009 Scientometrics, Vol. 81, No. 2 (2009 [321] [322] [323] [324] [325] [326] [327] [328] [329] [330] [331] Scientometrics 81 (2009) [SCHREIBER, 2007B ] , thus manipulation of bibliometric indicators is a legitimate concern. Conversely, Engqvist and Frommen stated the removal of frivolous self-citations or even all author self-citations has a trivial effect on h-indices [ENGQVIST & FROMMEN, 2008] . Other research demonstrated the important role self-citations play in identifying researchers' field mobility patterns and establishing academic reputations [HYLAND, 2003] . Suggesting that the influence of self-citations was related to the scope of a study, two research papers argued that self-citations skew bibliometric indicators of individuals and small groups of researchers, but have negligible impact at the macro level. [AKSNES, 2003; THIJS & GLÄNZEL, 2005] . The influence of journal-level bibliometric measures, such as the Institute for Scientific Information's (ISI) impact factor, inspired research on journal self-citations and their disciplinary impacts. Focusing on the inherent characteristics of journal selfcitations, Rousseau described journal self-citation rates over a ten year period [ROUSSEAU, 1999] . Correlating journal impact factor and self-citation rates, Frandsen noted that a higher proportion of journal self-citations related to lower journal impact factors [FRANDSEN, 2007] . Tsay noted that journal self-citations may be associated with the age and publication frequency of a journal [TSAY, 2006] . This may occur due to the reliance on journal self-citations by journals in their nascent phases. As with individual self-citations, opinions regarding the impact of journal self-citations vary among scholars. Nisonger compared ISI journal impact factors and the ranks of journals with and without journal self-citations, and found that journal self-citations did not affect the rankings of the vast majority of journals studied. Thus, he concluded that the utility of journal impact factors as a collection development tool was not compromised by journal self-citations [NISONGER, 2000] . Due to correlative relationships between journal selfcitations and journal impact factor, the potential manipulation of journal impact factors by journal self-citations has been noted by several scholars [ANSEEL & AL., 2004; DEMARIA, 2003; FASSOULAKI & AL., 2000; MOTAMED & AL., 2002] .
Though studies concerning departmental or research group bibliometric characteristics were abundant, the author uncovered only one research study that significantly addressed self-citations in an institutional context. In studying the largest European universities, van Raan found significant negative correlations between universities' author self-citation rate and research performance, and an insignificant negative correlation between total number publications and the universities' author selfcitation rate [ VAN RAAN, 2008A] . The author did not retrieve any studies specific to institutional self-citations (ISC) or institutional self-citation rates (ISCR).
An ISC is a citation that references works written by researchers employed at the citing author's institution, including his or her own research. Mathematically, the ISCR is defined the total number of ISCs divided by the total number of citations received by an institution's researchers times 100 (ISCR = (ISC / total citations received) 100).
According to Lawani's definition, the ISCR is the institution's diachronous selfcitedness rate [LAWANI, 1982] . Employing raw citation data gathered and synthesized from ISI's online citation index, Web of Science, this study intends to analyze the phenomenon of ISCs and ISCRs at top research universities in the United States from [2005] [2006] [2007] .
Methodology
Using the basic classification criteria from the Carnegie Commission on Higher Education Carnegie Classification, the study limited to doctorate-granting universities classified as research universities with "very high research activity" (n=96). In searching for research from specific universities, the author used broad searches in the Web of Science address field and limited to three years: 2005, 2006 and 2007. This data was searched during the week of December 2, 2007 through December 8, 2007 to avoid data inconsistencies due to database updates. The results of the search were subsequently refined by institution using the "Analyze Results" feature in Web of Science. The author exercised due diligence in capturing all possible name variants of a university (i.e., Univ N Carolina, UNC, Univ North Carolina) within Web of Science. For each university search, a citation report was run within Web of Science on the refined results set to gather and synthesize the following measures: the total number of published articles (a) the total number of citations to published articles (c) the total number of institutional self-citations (s, or ISC) the average number of citations per article (c/a) the average number of self-citation citations per articles (s/a) the institutional self-citation rate (s/c, or ISCR) Due to the large number of articles published, the author could not run one citation report for Harvard University and the University of Texas at Austin. Articles and the accompanying citation data from these two institutions were harvested through several smaller searches, de-duplicated, totaled, and subsequently analyzed. Modeling the data via power laws, correlations between bibliometric measures were calculated.
Results

Data analysis
Overall, 19% of the collected citations were ISCs, and for the individual years studied, 2007, 2006 and 2005 , the ISCRs were 28%, 19% and 18%, respectively. For the aggregate, the ISCR was higher within the first year (mean=28%, n=96) than those published between one to three years ago (mean=18%, n=96). Moreover, universities demonstrated a higher ISCR within the first two years (mean=20%, n=96) than the rate of articles older than 2 years (mean=18%, n=96). Only one university, Brandeis University had a higher ISCR in year two than in year one, and twenty-six (27%, n=96) had a higher ISCR in year three than in year two. Due to the study's static population of papers, extramural citations diminished the ICSR over time.
The Appendix provides article, citation and ISCR data for the 96 universities studied, ranked by ISCR. The California Institute of Technology exhibited the highest ISCR of the studied schools by a wide margin. Table 1 shows the results of the power law analysis between the ISCR and other variables. Only two variables, total number of ISCs and average ISCs per article, showed significant correlative relationships with the ISCR. Raw totals of articles and citations did not correlate with an institution's ISCR, but correlated highly with the size-dependent measure, total number of ISCs (R 2 = 0.8622 for articles; R 2 = 0.9548 for citations).
The size-independent measures, average citation per article, ISCR, and average selfcitations per article demonstrated the least amount of variance. However, size dependent measures demonstrated much more variance due to significant outliers in the population. Five universities exceeded three standard deviations from the mean, four positively (California Institute of Technology, Harvard University, Massachusetts Institute of Technology, and the University of Texas at Austin) and one negatively (University of Colorado at Denver and Health Sciences Center), in at least one of the studied indicators. The author did not remove the universities from the sample, but performed an alternate analysis of the data without the outliers (n=91). Without the outliers, the author calculated lower R 2 values and lower power law exponents for all studied variables and the ISCR. The results of the alternate analysis are presented in Table 1 . 
Methodological limitations
Due to the nature of Web of Science's data set and capabilities, limitations to this methodology existed. Omitting citation histories of thousands of journals, proceedings, technical reports and patents, Web of Science is not an exhaustive resource. Clearly, the longevity of ISC behaviors cannot be measured by the author due to the time frame studied. Broad in scope, this study did not account for unique disciplinary citation behaviors, so this data can not be extrapolated to represent ISCR of specific departments or research groups. The author conceded publications linked to institution names that were misspelled or used unfamiliar variants in the address field were not retrieved. Furthermore, Moed estimated that 7% of citations from ISI databases contain errors (H. F. MOED, 2002) . No proportional attribution techniques were applied in the case of multiple authors from different institutions. Finally, the studied three year window does not adequately reveal the temporal nature of the ISCR, but may only describe immediate characteristics.
Comparison to other studies
The author did not discover studies explicitly addressing ISCRs, but did find similar research regarding author self-citations. In comparing this study's power law models with van Raan's analysis of European universities, the data showed that the number of publications positively influences the total number of self-citations at the largest United States universities at a greater rate than at the largest European universities. Van Raan also found that research performance negatively correlated with self-citation rates. Though research performance was not calculated in this study, some of the United States' most prestigious institutions -California Institute of Technology, Harvard University, Princeton University, and Massachusetts Institute of Technology -exhibited some of the highest ISCRs. Both studies found the relationship between the total number of publications and self-citation rates insignificant, however, this study found a generally positive relationship (Table 1 ) and van Raan found the relationship to be negative (A. F. J. VAN RAAN, 2008a) . This study also corroborates another van Raan study that concluded more publications produced at an institution increases ISCs at a higher rate than external citations based on power law exponents (A. F. J. VAN RAAN, 2008b) . The author calculated a power law exponent of 1.24 for ISCs, and 1.09 for external citations.
If all fields are indexed correctly, the ISCR should be higher than the author selfcitation rate. In other self-citation studies, author self-citation rates are listed at various percentages -some much higher than this study Despite the limited three year window, the ISCR exhibits similar temporal patterns of author and journal self-citation rates. Namely, the highest rate of self-citation occurs within the first year of an article being published [ADAMS & AL, 2004; AKSNES, 2006; MACZELKA & ZSINDELY, 1992] .
Discussion
The ISCR may lend insights into the recent academic culture of an institution, and may shed some light on the motivations of authors who cite authors from their own institutions. High ISCRs may indicate the presence of genuine "invisible colleges" within an institution, or negatively, intentional "citation circles" where researchers deliberately cite certain researchers for the express purpose of inflating bibliometric indicators (E. GARFIELD & A. WELLJAMS-DOROF, 1992 ). An institution's tenure and promotion rubric that overemphasizes citation indices may unintentionally incentivize individual self-citation, or the creation of "citation circles", thus exaggerating the ICSR. On the other hand, universities or departments within universities with excellent reputations may generate more legitimate self-citations. A highly focused or unique research orientation of an institution may manifest itself in the form of higher ISCRs. For instance, California Institute of Technology demonstrated a much higher ISCR, most probably due to the state-of-the-art research being done at specialized laboratories, such as the Jet Propulsion Laboratory. Furthermore, if specialized research groups or departments exist within a university in highly cited fields such as astronomy and astrophysics, the ISCR may rise. The social environment and intra-faculty familiarity may play a role, though institution size does not seem to make a difference in ISCRs. Universities with faculties that typically collaborate more, write longer articles and cite more extensively may influence the ISCR positively. It is doubtful that an insular academic culture may be to blame for a higher ICSR, due to the ease and frequency of extramural collaboration in the digital age. A university with a higher percentage of articles published in highly cited journals may also experience a high ISCR as these articles are more likely to be cited generally. Unique and emerging research topics may spawn specialty journals, which in their nascency may have a tendency to self-cite (H. MACZELKA & S. ZSINDELY, 1992) 
